Background: Sputum induction is a method used over the years to investigate airway inflammation in patients with asthma and chronic obstructive pulmonary disease (COPD) 
Introduction
Sputum induction is a method for obtaining sputum by inhalation of hypertonic saline, used frequently for investigation of airway inflammation in patients with chronic obstructive pulmonary disease (COPD) or asthma. Modern respiratory science is aware of different phenotypes in COPD (1, 2) and asthma (3) , and new entities like asthma-COPD overlap syndrome (ACOS) (4) . This diversity of phenotypes triggers the need for appropriate diagnostics and personalized treatment. The method of sputum induction with hypertonic saline was firstly introduced in asthma patients by Pin et al. in 1992 (5) , and has been evolving ever since. As a relatively non-invasive procedure, which provides repeatable and valid results (6) , sputum induction quickly gained an important place in clinical practice. Inhaled hypertonic saline, however, can cause adverse effects such as bronchial constriction and lung hyperinflation (7) , and the safety of the method was thoroughly assessed in patients with airway obstruction characteristic for asthma (8, 9, 10, 11) and COPD (12, 13, 14, 5, 16) . Despite a number of studies, there are limited data on the safety of sputum induction in COPD patients with pronounced airway obstruction, making physicians hesitant to use this valuable diagnostic tool in such patients. Our objective was, therefore, to assess the tolerability and safety of sputum induction in patients with moderate to severe COPD by measuring the changes in forced expiratory volume in one second (FEV 1 ) during the induction and by evaluating the occurrence of adverse events.
II.
Patients And Methods
Study design
Data pertaining to the sputum induction procedure, obtained during a randomised, double blind, placebo-controlled, parallel group study of the influence of azithromycin on inflammation markers in COPD patients, were analysed retrospectively. Details of the study design are provided elsewhere (18) . Briefly, eligible patients with moderate to severe COPD were randomised in a 2:1 ratio to receive azithromycin (500 mg daily over 3 days, n = 16) or placebo (n = 8) once daily for 3 days in a randomized, double blind fashion. Sputum induction and other study assessments were done prior to the first dose (Day 1) and on Days 4, 11 and 32. The same person underwent the sputum induction process at four occasions. The study was conducted according to the principles of good clinical practice and current version of the Declaration of Helsinki and was approved by ethics committee and regulatory authorities. A written informed consent was obtained from each patient prior to their participation in the study. Results on inflammatory parameters have been published elsewhere (18).
Human subjects
A total of 24 male COPD patients aged between 47 and 71 years, with moderate to severe COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) standards (19) , a negative salbutamol test (<12% FEV 1 improvement after salbutamol inhalation), and no clinically significant chest X-ray abnormalities, were included in the study. The median FEV 1 value in the study population was 1.6 L (95% confidence interval CI 1.47 -1.71 L), or 51% of predicted (95% CI 47-54%). All subjects had a FEV 1 /FVC ratio under 0.70.
During the whole study period, patients were not to receive immunosuppressive drugs, analgesic/antiinflammatory drugs (except paracetamol), long-acting beta-agonists, theophylline, acetylcysteine, antimicrobials, vitamins/antioxidants or phyto-pharmaceutical substances.
Spirometry and salbutamol test
Spirometry was performed at screening (within 7 days prior to Day 1) and before each sputum induction. On each occasion spirometry was repeated at least three times until two reproducible efforts were obtained. The two largest forced vital capacity (FVC) and FEV 1 values had to show less than 5% variability. Screening spirometry was followed by inhalation of 400 µg of salbutamol, administered by a metered dose inhaler, to check for salbutamol reversibility. After 30 minutes, spirometry was repeated three times and the highest FEV 1 value was recorded and used to assess the reversibility of bronchoconstriction. Regularly used bronchodilators were withheld for 8 h before starting the salbutamol test.
Sputum induction
Sputum induction was performed on study Day 1 (within 2 hours prior to the first dose), 4, 11 and 32. Each sputum induction was preceded by spirometry and patients with FEV 1 <35% of predicted were excluded from induction procedure. The others had premedication with 200 µg salbutamol and 10 minutes later FEV 1 was measured three times. The highest FEV 1 value obtained was considered as baseline and was used to calculate a relative fall in FEV 1 during the procedure. Sputum induction was performed by inhalation of increasing concentrations of aerosolized saline (0.9%, 3%, 4% and 5%) through a mouthpiece without a nose clip. The aerosol was generated with an OMRON NE U07 ultrasonic nebulizer (Omron Healthcare Europe) with an output of 1.0 mL/min and particle size of 3.5 µm mass median diameter. Each concentration was inhaled over 7 minutes. After each inhalation, the patient was asked to expectorate into a container and FEV 1 was measured again. If there was a fall in FEV 1 of 10-20% versus baseline, the same concentration of saline was used in the next inhalation interval. If the fall was greater than 20%, the procedure was terminated and the patient received a standardized treatment (nebulized 1 mL of salbutamol solution with 2 mL of normal saline). Patients were instructed to interrupt the inhalation if they need to expectorate (in this case the clock was stopped and inhalation continued after expectoration) or experience dyspnoea or wheezing. All adverse events occurring during the study, including those associated with sputum induction, had to be recorded.
Statistical analysis
In order to assess the potential treatment effect on response to sputum induction, the relative fall of FEV 1 was compared between the active treatment group and the placebo group for each day and each inhalation interval using the Mann-Whitney U test. As there were no significant differences between active treatment and placebo group (Mann-Whitney U, for all groups p>0.05), further analyses were made considering all subjects as a single group. Friedman's ANOVA was used for comparing FEV 1 changes between the days. Statistical significance was set at p<0.05. All data were analysed using STATISTICA, version 8.0 (StatSoft, Inc. 2008).
III. Results
A total of 76 sputum inductions were performed in 20 patients, 11 with moderate and 9 with severe COPD. Sputum induction was not done in 4 of the patients included in the original study; in 1 due to early withdrawal caused by COPD exacerbation and in further 3 due to FEV 1 <35% of predicted on each visit. In 2 out of 20 patients included in the present study, sputum induction was not performed on Day 1 only (FEV 1 values <35% of predicted), and in another 2 on Day 32 only (one was withdrawn on Day 18 due to acute respiratory tract infection and the other dropped out from the study).
As illustrated in Figure 1 , the highest saline concentration was used in approximately half of the patients. The procedure was well tolerated and no subject reported adverse events. A total of 11 inductions (14%) had to be prematurely discontinued due to an excessive bronchial constriction (fall of FEV 1 >20% from the baseline value). This occurred in 6 patients, 2 with moderate and 4 with severe COPD. Three of these patients discontinued one induction only and well tolerated the procedure on the remaining 3 occasions; in two patients the induction was discontinued twice, while in the last one the induction had to be prematurely terminated each time. This patient had a pronounced airway obstruction (FEV 1 38% of predicted) and reacted with an excessive bronchial constriction even after inhalation of normal saline. In further two patients the induction was terminated after the third inhalation interval due to large quantity of sputum collected up to that point. Observed changes in FEV 1 during sputum induction are summarized in Table 1 . Overall, the median fall of FEV 1 at the end of sputum induction was 127 mL (95%CI 90-176 mL) or 10% (95%CI 7-11%) from baseline post-bronchodilator value. There was a significant difference in the change of FEV 1 values between the different inhalation intervals on days 1, 4, 11 and 32 (Friedman's ANOVA, p < 0.0001). The decline in the FEV 1 was greater as the concentration of inhaled saline was higher (Figure 2 ). A total of 55 (72%) inductions were successful in terms of providing a sputum sample for analysis. At least one sample was collected from 17 (85%) patients; 10 (50%) patients produced sputum at each induction and further 5 (25%) at 3 out of 4 occasions. Among 3 patients who failed to provide sputum at any induction, one prematurely discontinued all inductions due to an excessive broncho constriction, however, the remaining 2 inhaled up to 5% saline each time.
IV. Discussion
The results of the study indicate that the described method of sputum induction is well tolerated by patients with moderate to severe COPD. The same patient underwent the sputum induction process at four occasions, which makes this study unique and most accurate from the point of safety assessment and lung function measurements. It should be noted that for safety reasons, patients with FEV 1 <30% predicted were not included in the study, therefore, none of the patients was in the very severe or stage IV of the disease. Makris and al. have already shown that those patients are at an increased risk of unsuccessful sputum induction and adverse events (20) . Our protocol wasn't modified for subjects with more severe disease as in some studies, instead, for safety reasons all patients started the procedure with normal saline for 7 minutes and then proceeded to higher concentrations. It turned out that such caution was reasonable, because one of the patients had an excessive bronchial spasm (fall in FEV 1 of 33.9% from baseline) even after normal saline. The same patient had the maximal change in FEV 1 (-41.6%) considering all of the inductions and the worse baseline lung function (FEV 1 38% predicted), pointing out that extra care should be taken of the patients with a severe decline in lung function.
Inhalation of saline, both normal and hypertonic, caused a decline in FEV 1 . We've observed a slightly greater fall in FEV 1 during the procedure than the other authors (12, 14, 15, 16, 20, 22) . This difference in results is understandable as in all but one of these studies (14) , the induction was terminated when the minimal sputum volume was reached, and not after the final saline concentration, as we did. This naturally resulted in longer inhalation times and higher concentrations inhaled. The proportion of inductions ending after the final, 5% saline, concentration was 50% in our study compared to 0%, 4% and 16% in other studies (11, 17, 22) . Despite the pre-treatment with 200 µg salbutamol, some of the patients developed an excessive drop of lung function parameters. This is in agreement with all the previous observations of pre-treatment not giving a complete protection against bronchospasm (7, 11, 15, 16) . Some authors have found that administration of nebulised salbutamol during the sputum induction could improve bronchoprotection in asthma patients (22) . If patients have low lung function, premedication should be with 400 mcg of salbutamol, and patients could also 1 , their lung function soon returned to the value within 10% of the baseline. This confirms once more the need for adequately trained and experienced personnel performing the inductions. Recently, it was found that sputum induction is a safe procedure even in COPD exacerbation (23) , and in exercise-induced bronchoconstriction in asthma (24) . An interesting observation was that some of the patients felt less breathless after the sputum induction, despite the bronchoconstriction. There are some publications reporting that nebulised isotonic saline given in COPD, although not changing the lung function indicators such as FEV 1 , does indeed improve breathlessness, probably by a mechanism of enhanced mucus clearance and, therefore, easier expectoration (18, 25) . Long ago it was found that hypertonic saline enhances clearance of lung secretions in COPD patients (26) perhaps by facilitating the collection of small amounts of pre-existing airway secretions (27) . There are new data that hypertonic saline inhalation speeds up the resolution of exacerbation symptoms in cystic fibrosis exacerbations (28) . As we haven't objectively assessed patients' dyspnoea during the study, it would be of interest to quantify it in future studies, possibly by using a visual analogue scale or Borg scale for dyspnoea. This was performed in the studies of Taube and al. (7) and Makris and al. (20) , which showed the worsening of dyspnoea scores, even after normal saline inhalation. Possible reasons for conflicting results may include a difference in the study populations in terms of severity of the disease, as well as, different procedure protocols or nebulizer outputs. A study in asthmatics has shown that the general discomfort is proportional to the nebulizer output (29) , and another study in COPD patients indicated that the high-output nebulizers, compared to the low-output ones, produced a significantly larger drop in FEV 1 and a significantly shorter tolerated nebulization time (30) . We have used a low-output nebulizer (1 mL/min) compared to 1.7 mL/min used by Taube et al. (7), while the output of the high-output nebulizer used by Makris et al. (20) was not specified.
In conclusion, we found that the method used for sputum induction was safe and well tolerated by patients with moderate and severe COPD. Patients with a more severe airway obstruction may have a higher risk of excessive broncho constriction and in this patient population extra caution should be taken even when using lower saline concentrations. Results of this study support the use of sputum induction in clinical and research practice.
